Purpose To compare the visual outcomes between PRK-MMC and phakic IOL in patients with more than 8 diopter (D) of myopia. Methods This comparative study was performed on 23 eyes under treatment with Artiflex (group A) and 23 eyes under treatment with PRK-MMC (group B). Artiflex phakic IOL (Ophtec BV) was used in group A, and the VISX STAR S4 Excimer Laser (Abbott) was used for PRK-MMC in group B. Results The safety index was 1.11 ± 0.23 and 1.05 ± 0.25 (P ¼ 0.100) and the efficacy index was 1.02 ± 0.11 and 0.98 ± 0.10 (P ¼ 0.266) in group A and B, respectively. At 1 year after surgery, the manifest refraction spherical equivalent was À 0.17±1.18 and À 0.25±0.18 D in group A and B, respectively (P ¼ 0.471). Mesopic CS showed no significant difference between the two groups in any spatial frequency. Total coma was 0.24 ± 0.17 and 0.67 ± 0.40 mm (Po0.001), spherical aberration was À 0.11±0.11 and 0.41±0.18 mm (Po0.001), and RMS HOA T was 0.50±0.20 and 0.96±0.45 mm (Po0.001) in group A and B, respectively. Conclusion Phakic IOL implantation was better than PRK-MMC in the correction of high myopia in terms of visual quality, but the two methods had no difference with regard to visual acuity. Therefore, PRK-MMC can be used when the anterior chamber depth is a limiting factor in the implantation of phakic IOLs.
Introduction
In high myopic patients, phakic IOLs (PIOLs) or laser surgery can be used to correct refractive errors based on corneal thickness, anterior chamber depth (ACD), and the severity of the refractive error. Although there is report of the improvement of the vision and refractive error after laser-assisted in situ keratomileusis (LASIK) in high myopic patients, 1 clinicians prefer the implantation of PIOLs in these patients for the possible risks of corneal opacity and decreased visual quality in corneal laser surgery. Numerous studies have shown that PIOL implantation results in favorable outcomes in high myopic patients [2] [3] [4] [5] [6] and is preferred over LASIK. 7 In the recent decade, among different types of refractive error surgery, photorefractive keratectomy (PRK) has regained attraction for the possibility of corneal ectasia in LASIK. 8 Two long-term studies have shown that conventional PRK has acceptable results in high myopic patients, and improvement of the techniques to prevent the known complication of this procedure, that is, corneal haze, has been reemphasized. 9, 10 Recent studies have indicated that mitomycin C (MMC) can decrease the incidence and severity of corneal haze, resulting in an acceptable visual acuity and quality. [11] [12] [13] [14] A meta-analysis of 85 published articles compared PIOL and LASIK, 7 and the comparative results of PIOL and PRK in mild and moderate myopia have been already reported. 6, 15 Therefore, considering the increased safety of PRK-MMC, we decided to compare PRK-MMC and PIOL in correcting high myopia. The objective of the study was to find out which technique was superior in treating patients and had better results in terms of visual acuity and quality.
Materials and methods

This nonrandomized clinical trial was performed on high myopic patients in Noor Eye
Hospital, Tehran, Iran, in 2010. Because it was not possible to conduct the study in a random manner, it was performed on two matched groups. Patients with an aqueous depth ACD of 43 mm (from epithelium to lens) and endothelial cell count of 42500 cell/mm 2 and those whose corneal thickness was not sufficient for laser surgery were candidates for PIOL surgery, and patients whose depth of anterior chamber was not suitable for IOL implantation and those who were not willing to undergo intraocular surgery received PRK-MMC, provided that they had a residual bed thickness of 4350 mm after the procedure considering the corneal thickness and the refractive correction. Inclusion criteria were myopia 48.00 diopter (D), cylinder power o2.00 D, and stability of the refraction in the past 12 months. Patients with ocular pathology or a history of ocular surgery were excluded from the study. If a patient used a contact lens, (s)he was required to stop using it 4 weeks before the procedure. In each group, 23 eyes were included.
Preoperative and postoperative examination
The patients were examined before the surgery and after 1, 6, and 12 months. Visual acuity (VA) was measured with a Snellen chart and reported as uncorrected visual acuity (UCVA) and best-corrected visual acuity (BCVA). Manifest refraction spherical equivalent (MRSE) was evaluated using an auto refractometer (Topcon 8800, Tokyo, Japan).
Visual quality was evaluated in terms of contrast sensitivity (CS) and aberrometry. CS was measured with CVS-1000 grating charts (VectorVison Inc., Greenville, OH, USA) under mesopic conditions with best distance correction and without dilation. Aberrometry was performed using the Allegretto WaveLight analyzer (WaveLight Laser Technologie AG, Erlangen, Germany). The data of aberrometry were obtained from the 6 mm setting of the device. Three measurements were performed for each patient and the best measurement was selected. Of aberrometry indices, C6 (trefoil), C7 (vertical coma), C8 (horizontal coma), RMS coma total , C9 (trefoil), C12 (spherical aberration/SA), and RMS higherorder aberration total (RMS HOA T ) were reported. The following equation was used to calculate RMS coma total :
). Except for vision examinations and refraction that were repeated in all follow-ups, evaluation of CS and aberrometry was only performed in the last follow-up.
Surgical techniques
PRK-MMC The corneal epithelium was mechanically scraped without alcohol under anesthesia with proparacaine hydrochloride 0.5%. Ablation was performed using the VISX STAR S4 Excimer laser (Abbott, North Chicago, IL, USA), software version 5.30, with a 6 mm ablation zone and a 1.25 mm blend zone. After laser, a sponge soaked in MMC 0.02% was applied on the ablated stroma for 10 s for each 1 D correction. After irrigation with 30 ml of balanced salt solution, a bandage contact lens (Air optix, Ciba Vision, Atlanta, GA, USA) was used. After the surgery, betamethasone 0.1% four times per day, levofloxacin eye drops 5 mg/ml four times per day, and artificial tears (Hypromellose, preservative free) were prescribed for patients. Daily examinations continued until complete epithelial healing was observed. On reepithelialization, the lens was removed and levofloxacin was discontinued but betamethasone and artificial tears were continued for another 2 weeks. After that, fluorometholone 0.1% was administered for 3 months in a tapering manner.
PIOL Implantation First, topical anesthesia with i.v. sedation was performed by an anesthesiologist. Then, a 3.2 mm by 1.5 mm corneal incision was made at 12 o'clock with scissors, and a spherical Artiflex lens was enclavated in the eye horizontally. The PIOL formula in the IOL Master 500 (Carl Zeiss Meditec AG, Jena, Germany) with software 7.1 was used to determine the lens power. Peripheral iridotomy was performed at 12 o'clock and the incision was made watertight without suture. After the surgery, levofloxacin was instilled for 5 days and betamethasone drops were administered 4 times a day for 1 week. Then, fluorometholone 0.1% drops were administered for 2 month in a tapering manner. The patients were visited on days 1 and 3 after the surgery and were then followed-up 1, 6, and 12 months post operation.
Ethics
Informed consent was obtained from patients after they received information on the objective and the methodology of the study. The Institutional review Board approved the study protocol. The tenets of the Declaration of Helsinki were observed during the study.
Statistical analysis
The analysis of the study was performed in two parts. In the first part, based on the main objective of the study, the changes of the indices were compared between the two groups. In the second part, the trend of the changes in the indices was evaluated in each group. The w 2 and Fishers exact test were used to compare the two groups, and ANOVA and post hoc test were used to evaluate the trend of the changes in each group. The P-values of o0.05 were considered significant.
Results
The severity of myopia was À 9.49 ± 1.94 and À 8.82 ± 1.25 D in PIOL and PRK-MMC patients, respectively (P ¼ 0.871). Females comprised 73.9% of the patients in the PIOL and 60.9% of the patients in the PRK-MMC groups. The mean age of the participants was 27.74 ± 5.28 in PIOL and 28.78 ± 5.34 in the PRK-MMC group (P ¼ 0.509). In PRK-MMC group, corneal haze grade 1 was observed in 5 eyes (11.90%) in the first month post surgery that disappeared in month 6 of follow-up. No case of corneal haze was detected 1 year after the surgery.
At 1 year after the operation, the mean UCVA was 0.03 ± 0.07 logMAR (20/21) In the PIOL and PRK-MMC groups, the safety index was 1.11 ± 0.23 and 1.05 ± 0.25 (P ¼ 0.100) and the efficacy index was 1.02 ± 0.11 and 0.98 ± 0.10 (P ¼ 0.266), respectively. In the PIOL group, 15 eyes (65.20%) had no BCVA changes whereas others showed BCVA improvement of 1-5 lines. In the PRK-MMC group, 16 eyes (76.20%) had no BCVA changes, 2 eyes (9.50%) had 1 line decrease, and the remaining had BCVA improvement of 1-3 lines.
At 1 year after the operation, the mean spherical error was 0.02 ± 0.10 and À 0.13 ± 0.42 D (P ¼ 0.132), the mean cylinder error was À 0.39±0.34 and À 0.24±0.31 D (P ¼ 0.143), and the mean MRSE was À 0.17±0.18 and À 0.25±0.41 D (P ¼ 0.471) in the Artiflex and PRK-MMC groups, respectively. In the end of the first year post operation, 95.7% of the patients in the PIOL group and 85.7% of the patients in the PRK-MMC group were within ± 0.50 D of emmetropia. The two groups showed no significant difference in predictability (P ¼ 0.335).
The trends of the changes in the vision and refraction during 1 year after the operation are presented in Table 1 , mesopic CS changes are depicted in Table 2 , and HOAs are presented in Table 3 . The difference of the two groups.
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Discussion
Our study showed that PRK-MMC and PIOL implantation similarly corrected VA and refraction, and had similar efficacy, safety, and predictability. Their effects on CS were also similar. Regarding the effect of the two procedures on HOA, although both methods increase coma T , this increase is less in Artiflex when compared with PRK-MMC. In contrast to PRK-MMC, Artiflex implantation decreases SA. Although the design of the study was nonrandomized, patients in both groups were similar in terms of the indices of visual acuity and quality before operation. In general and based on the 1-year changes, it could be said that IOL implantation was better than PRK-MMC in correcting high myopia. However, it should be noted that PIOL implantation is an intraocular surgery with known complications such as glaucoma, cataract, uveitis, and endophthalmitis. 7 On the other hand, PRK might result in corneal haze, although its incidence has decreased recently with the application of modern lasers and mitomycin. 11, 12, 14 Another important point is that we only evaluated the results of the first year post operation.
The efficacy index of Artiflex implantation (1.02) in our study was very similar to the results of a multicenter clinical trial (1.01), 16 but the efficacy index of PRK-MMC in our study (0.98) was better than the results of studies conducted by Alio et al 9 (0.90) and Rosman et al 10 (0.80).The reason for the difference could be that conventional PRK was performed in the two aforementioned studies, whereas the application of Mitomycin improved our results. 12 The decrease in the efficacy to o1 in our study was due to one patient with BCVA decrease of 1 line in the end of the first year when compared with that before the operation.
The safety index of IOL implantation was 1.11 in our study; the index has been reported to be 1.07 in a study conducted by Albarran-Diego et al 3 and 1.11 in a multicenter clinical trial. 16 The safety index following PRK-MMC was 1.05 in our study, and 1.16 (see Alio et al 9 ) and 1.12 (see Rosman et al 10 ) in other studies. It seems that both procedures in different populations similarly affected BCVA and had acceptable safety.
Both groups also showed acceptable predictability. Only one eye in the Artiflex group had MSRE of À 0.62 D at 1 year after the procedure. Tehrani and Dick 17 showed 91% of the eyes had refraction within ± 0.50 D of emmetropia 6 months after surgery. In this study, similar to ours, astigmatism was o2.5 D, whereas sphere was The difference of the two groups. The difference of the two groups.
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Eye o12.25 D. The reason for choosing cylinder power o2.00 D was the use of a spherical lens. In the PRK-MMC group of our study at 1 year after the procedure, two eyes had MRSE of À 1.00 D and one eye had MRSE of À 1.25 D. All these cases had overcorrection 1 month after the procedure. Studies have shown that predictability is acceptable even after conventional PRK, 9,10 although it was higher in our study. According to our results, it could be stated that PRK-MMC can simultaneously correct astigmatism o2.00 D. On the other hand, as the incision was on the steep axis in our study, PIOL implantation also corrected astigmatism.
Measurement of mesopic contrast in both groups showed no significant changes before and after the procedures in all spatial frequencies. In laser-assisted refractive surgery, HOAs always increase noticeably because of the oblate change in the corneal shape, especially in high myopic patients that can result in decreased CS. In our study, although HOAs increased up to threefold in the PRK-MMC group, mesopic CS did not change obviously and this could be because of different pupil diameters during the measurement of HOA and CS. In a study performed by Peris-Martinez et al 18 that reported CS in Artiflex and Artisan PIOLs, the patients in the Artisan group had better photopic CS and the patients in the Artiflex group had better mesopic CS.
Significant differences in coma T , SA, and HOA T were observed between the two procedures. After surface ablation procedures, HOAs increase because of refractive correction, ablation depth, and pupil diameter. 19, 20 In a study by Serrao et al 19 in which the mean SE was À 6.30 D before operation, all three parameters doubled 1 year after the operation in the pupil diameter of 6 mm. In our study (preoperative SE ¼ À 8.0 D), a threefold increase was observed. However, as mentioned earlier, the effect of the pupil diameter on the results of aberrometry and CS should be considered, especially because the results of CS were concordant with VA but showed disagreement with the results of aberrometry. SA, which comprises a major proportion of HOAs and is of great significance, became more negative in the Artiflex and more positive in the PRK-MMC group 1 year after the operation. Toso and Morselli 21 also reported a decrease in SA following phakic IOL. In their study, the Acrysof Cachet lens was used and SA decreased from À 0.001 before the operation to À 0.13 mm 6 months after the operation and became more negative. This finding is believed to result from the type of the implemented lens. In a study by Van Philips 22 who used the Artiflex lens, SA was À 0.05 mm after the procedure. This finding has been attributed to the negative aspheric profile of the Artiflex lens that has also been confirmed in laboratory analysis. 23 Moreover, lack of coma T changes in the Artiflex group as compared with preoperation indicated more appropriate centration.
In general, it could be concluded that in high myopic patients with cylinder power of 2 D, phakic Artiflex IOL implantation and PRK-MMC have similar results in terms of refraction correction and visual acuity, but visual quality is better following Phakic Artiflex IOL implantation. Therefore, in high myopic patients whose anterior chamber depth is not suitable for IOL implantation, PRK-MMC can be performed with acceptable results. The results of this study course were limited to the first year after the procedures and longer follow-ups are required in this regard.
Summary
What was known before K Phakic intraocular lens improved visual acuity in high myopic patients.
K PRK-MMC improved visual acuity in high myopic patients.
What this study adds K Phakic IOL implantation was better than PRK-MMC in the correction of high myopia in terms of visual quality, but the two methods had no difference with regard to visual acuity.
